CHAPTER 9

RESISTANCE { PART 1)

Provided that the temperature of a material remains constant, the resistance of that material will
depend on three factors. These are -

{a}  the type of the material
{b) the length of the material . -
{c) the cross sectional area of the material

-

9.1 TYPE OF MATERIAL .

It has been stated that, due to their atomic structures, gold, silver and copper vary in their abilities
to act as conductors (Chapter 2). This inbuilt factor affecting a material’s resistance is known as resistivity
and has the symbol rho { 2 }. The resistivity of a material is measured between opposite faces of a cube of
they material, each side of the cube having a length of one metre. The unit for resistivity is the ohm metre
{ @ mh

Typical values of resistivity are given in the following table.

MATERIAL RESISTIVITY (OHM METRE)
| Silver 1.66 x 1078
B Copper 1.72 x 108
! Aluminium 2.8 x 107
? Nickel 13.6 x 108
Manganin a8 x 1078
‘.‘ Nichrome 110 x 1078

As the value of resistivity of materials increases so does the resistance of the materials increase.
Resistance is said to be directly proportional to resistivity.
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9.2 LENGTH (/)

Any conductor of fixed length and cross-sectional area contains a certain number of atoms. An
electron under the influence of an e.m.f. moves frecm one end of the conductor to the other end of the
conductor, colliding with the atoms in the conductor in the process. If the cross-sectional area of the
conductor is kept constant while the length of the conductor s increased, the travelling electron would fing
mare atoms in its path as it moved through the conductor, This means the cpposition 1o the movement of
the siectron is increased. Opposition to the movement of electrons is called resistance, so it can be seen that
an increase in the length of a conductor (all other factors remaining constant) will cause an increase in the
resistznce of the conductor. Resistance is said to be directly proportional to the fength of a conductor.
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9.2 CROSS-SECTIONAL AREA (A)

increzsing the cross-sectional area of a given fength of conductor ~aterial increases the number of
alectrens free to move within the material. The apptication of 3 potential cifference 1o the conducter of
larger C.S.A. wiil cause a grester number of electrons ¢ move 0 the conouctor, or the current would
increase. For the current o increase for a fixed potenual dif*zrence the resistance must decrease. Resistance
is saiq to be inversely proportional to ¢ross-sectional area.

R = L

A

Combining the three factors controlling resistance 0 he correct oroportionalities gives the equation —
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Where - : o
R is in ohms
A is in ohm metres
/ isin metres’
A is in metres squared

Exampis 9.1 A

Calculate the resistance of 100 maetres of copper conductar that has a cross-sectional area of 12
millimetres squared. . ,2 .

p o= 172 x 108 0Qm A

/ - 100m = 172 x 108 x 100

A = 12x 108 m? 12 x 100

R = 74 = (0.143 1

Example 9.2 - - -

Calcu%ate the Iengt.h of nichrome wire required to makae a resistor of 220 ohms if the c.5.a. of the

" wire is 10 mm*,

n !
- 2200 R = =%
A = 10 x 105m? / - BRA

ﬂ
" = 110 x 108Qm
220 x 10 x 108

/= m 110 % 10°

= 2000m

9.4 VARIATIONS OF RESISTANCE due to variations in length or cross-sectional area whaen the same
material is used in the resistor.

(a} Length (/)

Resistance of a conductor of fixed c.s.a. increases with the increase in length of the conducter, 1f
the length of the conductor is doubled, the resistance is doubled, indicating that the ratio of the initial
resistance to the final resistance is equal to the ratio of the initial length to the final fength.

tf -

H‘l = initiai resistance

Rp = final resistance

/¢ = [initial length

/2 = final length

Then - R = /1

1
Ry /2

Transposing gives — RZ = R, /2

Exampls 8.3
A 100 metre iength of resistance wire has a resistance of 12 ohms. Calcuiate the resistance of 250

metres of the same wire. R, - £
Ry - 124 Ro /2
/y = 100m Ry = By /9
/ 2 = 250 m .
= 12 x 250
R = oo
2 2 100
= 301
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Example 9.4

A length of copper wire had a resistance of 150 ohms. When 50 metre of the wire was measured
with an ohmmeter its resistance was found to be 60 ohms. How long was the origional piece of wire.

. m%ii{“}

R, = 1500 RioL 41
R, = 600 Ra /2 .
/1 = 1m fal2 Ry 41 ‘
- = R, /2
/2 = %m 2 L=
2
= 180 x 50
60
= 125m

(b} CROSS-SECTIONAL AREA (A)
Resistance is inversely proportional to cross-sectional area. If the cross-sectionat area of a conductor
is doubled, the conductor resistance is haived. This function is written mathematically a -

1
R A .
1 = 1 and transpasing for Hz gives
R 1
2 - R, = R, A

Ag 2 1 1

Az

L. 2
R2 A
Example 8.5

A length of nichrome resistance wire has a resistance of 100 chms and a cross-sectional area of 12
miilimetres squared. Determine the resistance of the same length of nichrome wire whose cross-sectional
area is 15 millimetres squared.

Mo A
R, 100 @ Ry Aq
- -6 2 -
Ay = 12 x 10" m R2 = H.I AT
Ay = 5% 1079 m? Az
= .6 N
A, = 79 100 x 12 x 10
: 16 x 10°

= 80 4

Example 8.6

A rectanguiar copper conductor whose cross sect:onat dirmensiens are 20 mm x 5 mm hasa
resistance of 2 ohms. Caiculate the resistance of the same iength of conductor material whose c.s.a.
dimensicns are 20 mm x 15 mm.
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Ry = 20 MM
R A
_ 2 A

Ry = Ry Ay

Ay = 30 x 103 x 5 x 105 m?

A

= 2x30x10% x 5 x 109
20 x 103 x 15 x 10"

Ay = 20x 107 x 15 x 103 m?

= 14

(c) Circular conductory

The area of a circle is given by the equation -

A = x dz \

Substituting in_F:I_L AZ

Ry Aq
Gives 91 - fdg )
2 =y

F d1

4

Cancelling the ..}..

. 2
R d2

Gives 1 .
RZ d2

1

which means that in a circular conductor the resistance of the conductor is inversely proportional to the
square of the diameter of the conductor.

Example 9.7

A lergth of copper wire has a diameter of 2 millimetres and a resistance of 50 ohms. Calculate the
resistance of the same length ¢f copper wire if the diameter of the wire is 4 millimetres.

2
= R d
H1 50 0 R1 _ >
2
d1 = 2 x '.0'3 m 2 d1
dy = 4x103m Ry, = Ry d?
2
- d
R2 = 70 2
= 50 x 2 x 2x 10°
4 x 4 x 106
9.5 SIMULTANEQUS \ariations in length and area. = 125 @

Combining the propartionalities of resistance, length and area vaniations, results in the equation

Transposing for R, gives

1 = /1A2
Ry /2 Ay Ry _ Ry, , A

1A
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Example 9.8

A piece of nichrome resistance wire has a resistance of 100 ohms, a length of 50 metres and cross-
sectional area of 10 millimetres squared. Calculate the resistance of a piece of nichrome wire, 200 metres in
length that has a cross-sectional area of 5 millimetres squared.

R = 1000

1 i RS T
- = 2 _
Ay 10 x 108 m Ry = PRy /g A ‘
A, = 5 x 108 m2 = 100 x 200 x 10 x 106
R = 79 50 x 5 x 1070
2 - = 800 Q
Exampie 9.9

A 100 m length of nichrome wire was found to have a resistance of 150 chms. Determine the
resistance of a length of wire of the same material, but half the length and four times the cross sectional

area.
L | LA
R, = 70 Ry 42 A
A

/y = 100m Ri 2B = Ry, 4 A
/2 = S0m - Ry = Ry /oAy
A1 = A1 m2 'JTAQ
A2=4A1m2 = 'I50><50x/f\1

1OUX4AI

= 18750

Equations in this chapter

~ P
{2 R2 = R, /9
/1
(3 Ry . Ry A
Az
@ Ry _ Ry /, A
/1 Ag
2
B) Ry . Ry (dy)
2
(d,)
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TUTORIAL 1.9

(n
{2)

(3

{4

(5}

Calculate th§ resistance of 100 metres of copper wire whose c.s.a. is 5 mm2 and whose resistivity is
1.72 x 10" ohm metre.

Calculate the length of aluminium conductor (p= 28 x 10'8) whose c.s.a. is 4 mm? that would
have a resistance of 1.4 ohms. ’

A length of copper conductor was found to have a resistance of 50 ochms. Tests on 10 metres of
the same type and size conductor gave a resistance reading of 7.5 ohms, Calculate the length of the
arigional conductor. .

A conductor whose c.s.a. is 7.5 mm?2 has a resistance of 20 ohms. Calculate the ¢.s.a. of a
condugtor of the same length and material which has a resistance of 12.5 ohms.

A conductor 2 metre long with a c.s.a. of 1 square millimeter has a resistance of 0.017 ohms.
Determine the resistance of 25 metres of the same material whose ¢.s.a. is 0.25 mm*<.
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